Clinical laboratory tests are basic elements that support healthcare tasks such as disease detection, diagnosis and monitoring of response to treatments. Current laboratory information systems focus on the patient database, tests and results, with multiple modules available, connecting with the various analytical systems or work areas. However laboratory information systems functioned as "islands of information", because their design was fundamentally inward-looking and disconnected from other healthcare computer applications. Actually, the Electronic Health Register (EHR) is considered by clinicians as a tool with great potential healthcare benefits. The EHR, in the sense of a unique and complete record of a patient's healthcare and state of health, regardless of the healthcare level used, is a real attempt to eliminate these "islands of information" and need modules to act as "bridges" with the laboratory information systems. This type of module, which in generic terms may be referred to as a laboratory test request module, has become an essential feature of the EHR. These modules need to use a laboratory coding system as a common language for exchanging information, ensuring that tests and results are unequivocally identified. The development of the laboratory test request module requires the commitment of professionals and political authorities, being necessary time for their design and an adequate pilot phase. The laboratory professionals have to assume a leadership role in the whole process of design, development and implementation of these modules, integrating in the equipment of information technologies of healthcare providers. In our manuscript we review the elements that may prove electronic systems for requesting clinical laboratory test into digital clinical records and the key elements to move from theory to practice.
Introduction
Healthcare relies on diagnostic tests to ensure greater safety, effectiveness and efficiency. Clinical laboratory tests are the diagnostic tests in heaviest demand in daily clinical practice and, in terms of their volume and diversity, account for the greatest amount of information included in patients' clinical records [1] . The laboratories' results are involved in 70% of clinical decisions [2] and their quality is the main factor directly affecting the quality of care [3] .
These days, clinical laboratory tests are basic elements underpinning such healthcare tasks as screening for illness, diagnosis, and monitoring of the response to treatments [4] . Due to its impact and scope, the use of software to manage laboratory tests, both for requesting tests and checking the results, has become a key part of the information and communication technologies (ICT) applied to healthcare systems; it is viewed by clinicians as one of the great potential healthcare benefits deriving from Electronic Health Records (EHRs) [5] [6] [7] [8] [9] .
In order to understand key features of the design and implementation of electronic laboratory test request systems, it is first necessary to summarise the complete process of requesting an analysis, which in general is shared by all the areas of expertise covered by the clinical laboratories, and the basic characteristics of laboratory information systems (LIS). This process, well known to clinical laboratory staff, should be borne in mind by all personnel, whether medical workers, managers or programmers, interested in developing and installing electronic request modules for analytical tests, in order to understand the requirements and foundations of the functional design of this type of computer application, as well as the implications of its integration into the EHR. Finally, to help with the fundamental transition from theory to practice, there will be a review of the elements that may prove crucial for success when it comes to implementing this type of module in clinical healthcare practice and getting it up and running.
For the review of the literature we have used as keywords: Electronic health records, laboratory information systems, test request module, medical order entry systems, systems integration. We have also reviewed publications describing different coding systems for laboratory testing.
Complete Process of Requesting an Analysis
The process of requesting an analysis is not simply a case of receiving the sample in the laboratory, processing it and issuing the result in question. The complete process runs from the moment the clinician decides to request a laboratory test until the patient is informed of the result. This complete process is split into three basic stages-pre-analysis, analysis and post-analysis-all three being the responsibility of the clinical laboratory ( Figure 1 ). This process applies equally to all the specialities of clinical laboratories, i.e. areas that habitually fall under this heading (biochemistry, haematology, microbiology, immunology, genetics) but also histopathology laboratories, because the complete process of requesting analyses is common to all.
Pre-Analysis Phase
This phase starts at the moment the clinician decides that laboratory tests are required. At this initial moment, the format of the analysis request is crucial, whether it is paper-based or electronic, with its numerous variables (open request, preselected tests, grouping of tests, etc.). Electronic requests can provide significant improvements at this initial phase by enabling help tools to be used in the request (recommendations, clinical practice guides, information about previous results, etc.).
Once the request has been made, the process continues with the appropriate preparation of the patient for the study requested, the taking of samples, their appropriate collection, storage and transportation to the laboratory, where they are duly received. Once in the laboratory, the pre-analysis phase continues with verification that the samples needed for the studies requested have been received, are in an appropriate condition and have been correctly identified. After these preliminary yet fundamental checks, the process continues with the preparation of the sample for analysis and its distribution to the various work areas of laboratory, leading to the next phase in the process, the analysis itself, which may be automated or manual.
The pre-analysis process can be subdivided into two stages, the extra-laboratory pre-analysis, also known as the pre-pre-analysis, which runs from when the process is started until the sample is received by the laboratory and the intra-laboratory pre-analysis, which is strictly speaking the pre-analysis phase, Figure 1 . Complete process of a Laboratory request. Within the circles are the phases of the process that are assumed by the EHR after the Integration with the LIS.
from when the sample is received to when the analysis itself begins. For practical purposes, the term "pre-analysis phase" as used here refers to the whole pre-analysis process.
Nowadays the pre-analysis phase is the most critical phase in the performance of analyses. Its importance lies in the fact that: 1) It is usually the most time-consuming phase in the whole analysis process (e.g. transport of samples from outlying sampling centres to laboratories); 2) It is the phase involving the greatest number of people (e.g. clinicians, nurses, auxiliaries, couriers, etc.), most of whom are not members of the laboratory's own staff; and 3) Multiple variables need to be controlled by rigorous quality protocols to ensure the quality of the final result (e.g. appropriate preparation of the patient, appropriate containers, storage and form of transport at the correct temperature and time, appropriate identification of the patient and samples, etc.). It is not surprising, therefore, that this is the phase in which most errors are likely to occur [10] .
Given the characteristic features of this phase, the use of ICT to develop electronic request modules has become one of the main tools for improving analytical quality and healthcare safety during the entire analytical process [11] .
Analysis Phase
This phase runs from the start of the analysis proper, whether by automated equipment or manually, until the result becomes available. This part of the process includes such quality control measures as the fine-tuning of reactants, methods and equipment, their calibration and checking, as well as the proper training of laboratory staff to ensure correct technical validation of the result.
This phase today prompts the fewest errors in the analytical process [12] , thanks to the progress made in recent years in managing the quality of clinical laboratories. Since this part of the analytical process is the one that has least connection to the EHR, it is not necessary to examine it in greater detail here.
Post-Analysis Phase
Once the technical validation has been carried out by the professional in charge Once the medical validation has been completed, the laboratory issues the results report. This report should be distributed appropriately so that it reaches the requesting physician without going astray and in the shortest time possible. The analysis request process does not end here, however, since another factor to be borne in mind is what information reaches the clinician and how it is to be interpreted. This means that until the result is interpreted by the clinician with the appropriate healthcare quality safeguards (e.g. interpretive comments, suggestions for new tests, etc.) in order to be able to inform the patient correctly, the
complete process of analytical request cannot be regarded as completed.
The post-analysis process can also be subdivided into a post-analytical phase, from the moment the result becomes available until it is validated and edited, and a post-post-analytical phase, from the moment it is published, either on paper or electronically, up to the moment it reaches the clinician and is interpreted. As with the pre-analysis phase, here too a range of professionals are involved; this phase is the second most susceptible to error in the entire analytical process [13] . It is also therefore susceptible to improvement, and to this end ICT constitutes a significant potential advance for healthcare safety by substantially improving aspects such as turnaround time and reliable delivery of results.
The Laboratory Information System
Laboratory information systems (LIS) have been in a continuous state of evolution since the 1970s, as a means of responding to the complexity of the information-in terms of both volume and diversity-produced by clinical laboratories [14] . It is these systems that have underpinned the laboratories' current levels of output, enabling them to increase both productivity and security by applying software tools to the complete analysis request process. To a large extent, however, LIS functioned as "islands of information" because their design was fundamentally inward-looking and unconnected to other healthcare computer applications. The next step in the evolution of LIS therefore focused on their integration into external applications that, in many cases, were developed and implemented before the LIS but have nowadays become a routine part of healthcare activity. This integration started when LIS were connected to hospital information systems (HIS). This connection enabled a substantial improvement to patient security by using the record number as sole identifier, thus enabling the automatic capture of demographic information and a significant decrease in the number of manual inputting errors. At the same time, tools for storing and checking analysis results were developed for many HIS. This integration continued to advance in line with the installation of new models for centralised computer registration of patients at all levels of healthcare. However, these computerised records gave way to electronic patient records that, for the most part, reverted to being new "islands of information", since there was a lack of information exchange between levels or centres.
The emergence of EHRs, in the sense of a unique and complete record of a patient's healthcare and state of health, regardless of the healthcare level used, constitutes an authentic attempt to do away with these "islands of information" [16] [17] and marks a turning point in the application of ICT in healthcare provision Semantic interoperability is the key stone in the electronic health record communication, being necessary an adequate codification and structuring of the data. Widespread adoption of shared standards is necessary to overcome these barriers and permit the creation of clinical data-sharing networks that can build bridges between the various islands of information.
In this situation, the evolution of the EHR brings it into direct contact with the LIS in all aspects of the pre-and post-analysis phases, with various models of integration ranging from simple access from the EHR to modules for requesting and checking the results of the LIS, to installing modules in the EHR itself for conducting these tasks. 
Functional Design of a Laboratory Test Request Module
The first step in the functional design of a computer application should be to set the goals that need to be achieved, something that serves as a highly useful guide throughout the entire process of module creation. In the authors' experience, the basic goals for an LTM should include concepts such as:
-The possibility of requesting laboratory tests in any area of the clinical laboratory's expertise, and availability at all healthcare levels (primary care, specialist care, emergencies and hospitalisation).
-The request, taking of samples and checking results should be possible from any healthcare centre connected to the EHR.
-Total traceability of the process, from making the request to receiving the final result.
-It should be possible to store all the results provided by clinical laboratories in the EHR as minable data, including the relevant clinical event where applicable, for epidemiological and research purposes.
-The patient's results record should be unique, regardless of the healthcare level requesting it and the clinical laboratory generating it.
-Giving patients the freedom to choose the clinical laboratory from the healthcare network that best fits their needs, regardless of where the laboratory test request originated.
-Respecting the functional autonomy of each laboratory to the full, regardless of the LIS used by each centre.
-"Smart" help tools for laboratory test requests.
-Data-mining modules.
Once the functional goals have been established, we can then specify the functional scope needed to equip the electronic request module with the resources necessary to achieve them. In this process the functional design needs to be capable of fulfilling all the goals that have been set.
For example, if the target is to integrate information from different laboratories into the same EHR and, in addition, make the analytical data susceptible to mining along with all the rest of the clinical information, tests and results should be stored in a dispersed way. Therefore, to enable laboratory data to be mined like any other clinical data it is important to rule out, as far as possible, the use of document repository-type solutions (e.g. PDF) and work with an electronic message system that treats the basic information fields of a laboratory test (sample, test, result, units, etc.) independently [21] . This model requires that all the information received by the EHR should have the same format, using structured data and the greatest possible degree of codification to facilitate mining.
When an LTM is to be installed in a relatively small healthcare environment, with few laboratories involved, the uniformity of information formats can be A laboratory-test codification system needs to be used for this common language, ensuring that they are unequivocally identified [23] [25] [26] . To this end, three basic elements of each test need to be codified: the specimen, the test being requested and the measurement itself, with the format of the result and the unit employed for the report also being established. These basic codified data will ensure that a common language is available to request tests and receive results but, given that the LTM needs to integrate results from various laboratories, analytical methods also need to be codified in order to control the effect of variations due to the use of different methodologies on measurement of the same biological parameter.
A laboratory-test codification system needs to be used for this common language, ensuring that they are unequivocally identified. Some examples include: For example, there is a need to codify the methodologies, and not all these models meet this requirement adequately. Meanwhile, the clinical use of laboratory tests needs to be taken into account: when a clinician requests a laboratory test it is not usually interested, barring exceptional cases, in knowing the benchmark that was used for calibration purposes or whether the parameter was determined by one method or another. Against the backdrop of this dichotomy in the coding, one possible solution enabling exhaustive methodological information to be collected, without jeopardising the healthcare uses of the LTM, consists of using two levels of coding, one for the clinician and another for the laboratory. When
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choosing a coding model it is also necessary to take into account the fact that an LTM should ideally codify both the request and the report, something that certain coding systems are not designed for: most of them in fact focus on the coding of reports.
Evidently, therefore, the aims that should determine the choice of coding system are functional aims, and if the available coding methods fail to meet the requirements, the need to adapt or modify one of the existing models will have to be assessed, with a view to creating a new one that meets all needs. This solution which, a priori, may be regarded as ideal in terms of meeting functional de-sign requirements, needs to be carefully evaluated in the light of the work it en-tails.
Current databases of coded laboratory tests easily exceed 50,000 entries and any coding group that is set up would not only need to work on coding current tests In short, the LTM should have an appropriate functional design that enables analyses to be requested, pre-analytical needs to be established, the taking of samples to be recorded, appropriate communication with the LIS to be established and results to be stored in such a way that the entire process is traceable.
This module will need to be integrated into the EHR to enable the analytical results to be linked to the clinical episode that generated the request and all the information stored in the patient's EHR [16] 
Installation and Operation: From Theory to Practice
The development of a module of these characteristics requires years of work to guarantee that all the functionalities envisaged operate in an error-free way [38] , with the time needed to get it up and running varying in accordance with the size of the healthcare system in which it is being installed. In a large healthcare system such as the Andalusian Public Healthcare System for example (8. Designing and putting an LTM into operation is therefore a task that requires considerable time and significant amounts of work and resources; consequently it is a task that must be tackled in such as a way as to guarantee, as far as possible, its success. The key factors set out below need to be taken into account in order to be able to secure the transition from theory to practice with the minimum of risk:
1-The first, which is fundamental, is to have the full commitment of the healthcare the transition from theory to practice in question. This type of project requires significant financial and human resources, not only for its design and installation, but also for its maintenance, development and improvement over the long term. This is something that must be accepted by the political authorities responsible, to avoid wasting various years' work and millions of euros or, in the best-case scenario, not achieving the hoped-for results in terms of improvements to healthcare security and the efficiency of the healthcare system. be permitted is their installation with non-identified operating errors due to inadequate piloting; this is especially true given that its introduction will meet resistance to change, resistance that will easily spread if errors in its envisaged functional scope are detected. This point should also be taken on board by the political authorities in charge of the health system, because their timeframes, and the ones that are actually required, tend not to coincide.
2-
4-Meanwhile, in the initial phases of installation the laboratories need to confirm that no significant changes are taking place in their activities [39] , and they should commit themselves to being responsible for installation at the local level.
Laboratory professionals have to assume a leadership role in these developments, as the people who know the business best, and need to take responsibility for the whole analytical process, although the pre-and post-analysis phases are handled in computer settings that fall outside the LIS. It is important that they understand and agree that the LTM is like an extension of the clinical laboratory within the EHR, for which they need to accept that computerisation is not an end in itself, but a basic tool that enables the information they generate, in the form of analytical results, to be transformed into knowledge when it is integrated into the patients' clinical context within the EHR.
5-Once the time comes to install the LTM in the healthcare system, all the professionals involved in using it should be properly informed and trained (e.g.
doctors, nurses, etc.). It is not worth skimping on the time and resources devoted to this task because, without the collaboration of the clinical professionals, the LTM installation is bound to fail. There must be proper familiarity with their work in order to provide solutions to the problems that arise and to provide all the support needed in the most approachable, easy and rapid way. The changes in work flows and rhythms brought about by an LTM always generate resistance to the novelty, which can be overcome by emphasising the healthcare advantages (e.g. security, reliability, response times, etc.) of this type of module, as opposed to its potential problems, which commonly include a perception that electronic requests take longer than their paper-based equivalents. In any event, it is always advisable to start the installation in healthcare units that are more open to innovation and proceed progressively, while setting a deadline for the replacement of paper-based by electronic requests. These units later prove extremely useful in extending the installation by acting as the path-breakers for the others to follow.
6-Getting the LTM up and running also requires the support and involvement of the IT services at each centre, their collaboration playing an indispensable part in the final success of the project. First, they are a fundamental source of support in training the professionals and, secondly, they prove invaluable in resolving day-to-day IT problems such as those involving hardware, problems that tend to be traditional "allies" of resistance to change.
7-Finally, the clear and decisive commitment of the management of the healthcare centres and departments is a key factor for all the work to be undertaken. Once the installation process of the LTM is underway, it is crucial that they should accept its implementation as a non-negotiable goal of all the healthcare professionals involved, not only those in the laboratories, and that they should convey this goal to all the healthcare units.
These recommendations do not make the successful design and implementation of an LTM inevitable, but they do go a significant way to making it more likely.
Although the use of electronic systems integration into the EHR represents a significant advance that can handle the huge amount of information generated in healthcare, also it has its problems (changes in workflows, costs of implementation and maintenance, security risk against unauthorized access and loss of data, etc.). Further studies are required to demonstrate the superiority of integrating electronic systems and evaluate the real improvement in health output following the implementation of EHR.
